




From Leonardo da Vinci to the 
Wright brothers, flight has inspired 
engineers more than any other 
form of animal behavior. Like 
any aircraft, an animal capable 
of active flight must possess 
three critical features: a light but 
powerful engine; wings capable of 
generating sufficient aerodynamic 
forces; and a control system 
to keep it from tumbling to the 
ground. The special properties of 
the muscles, wings, and brains 
that satisfy these requirements 
have made flying animals useful 
models in muscle biophysics, fluid 
mechanics, and neurobiology. 
The purpose of this primer is 
to provide an overview of key 
principles in these three salient 
areas of flight biology, and is 
motivated by recent technical 
advances that are beginning 
to unravel many long-standing 
problems. This progress in our 
understanding of flight biology 
illustrates the utility of integrative 
methods, because many key 
insights have emerged, not 
simply from a focused analysis 
of individual elements, but also 
through more comprehensive 
approaches that link problems 
across disciplines. Although 
flight research embraces a wide 
variety of different organisms, from 
dragonflies to flying dragons, I will 
focus on insects in general, and 
flies in particular, because they have 
proven particularly amenable to 
these interdisciplinary approaches. 
The engine
Miniaturization is the dominant 
theme in insect evolution, 
especially within the species-rich 
orders that include beetles, wasps 
and flies. This diversification was 
possible only because tiny insects 
evolved a remarkable muscle that 
is capable of generating high power 
at high frequency. Understanding 
the necessity of this peculiar 
motor starts with a consideration 
of scaling and aerodynamics. 
Whereas the lift generated by a 
PrimerEnvironmental factors play a 
key role in the expression of 
phenotypic traits and life-history 
decisions, specifically when they 
act during early development. 
In birds, brood size is such 
an important environmental 
factor affecting development. 
Experimental manipulation 
of brood sizes can result in 
reduced offspring condition, 
indicating that conditions during 
development in enlarged broods 
have consequences within the 
affected generation.
But it is unclear whether 
stress during early development 
can have fitness consequences 
extending into the offspring 
of the next generation. To 
study such trans-generational 
fitness effects, a team of 
researchers from the University 
of Bielefeld, Germany, and the 
Museum of Natural Sciences 
in Madrid, report a breeding 
experiment with zebra finches 
(Taeniopygia guttata) in which 
mothers had been raised in 
different experimental brood 
sizes (Proceedings of the Royal 
Society, series B, published 
online). 
The researchers, led by Marc 
Naguib, found that adult females 
were smaller as experimental 
brood sizes in which their mother 
had been raised increased. 
Hatching and fledging success 
of daughters decreased with 
increasing maternal brood size. 
These results illustrate that 
early developmental stress can 
have long-lasting effects on 
reproductive success of future 
generations.
 “Such trans-generational 
effects can be life-history 
responses adapted to 
environmental conditions 
experienced in early life,” the 
authors report.
Line out: New research suggests that stress faced by female zebra finches may 
influence the breeding success of their daughters. (Photo: Adam Jones/Science 
Photo Library.)
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